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BIENNIAL REPORT OF THE BOARD OF
GEOLOGICAL SURVEY

GENERAL PURPOSES OF SURVEYS.
TOPOGRAPHIC SURVEYS,

The Topographic Map—A topographic map is designed
to represent the form and slope of the surface of the land and
the elevation of all points above sea level. The positions of
streams, lakes and ponds, public and private roads, towns and
railroads, are shown in their correct relative positions. The
map indicates boundaries of counties and the position of section
lines wherever there have been land surveys. In the making of
the necessary surveys for such maps permanent marks, con-
sisting of iron posts, copper bolts or tablets, are set at frequent
intervals to mark the exact elevation above sea level to serve
as datum points for further spirit level work, for engineering
investigation, and for such public works as canals, water supply,
railway and other public or private surveys.

The topographic map is made with such accuracy and in
such detail that it is useful to almost every citizen. In a new
state that is inviting immigration, the map is valuable in order
to show the location of desirable farm lands and the general
character of the country. From it the positions of streams
and lakes may be seen and the possibilities of these for pur-
poses of water power or irrigation may be largely determined.
The topographic map facilitates the construction of railroads
and wagon roads, since upon it available routes and grades
may be laid out without the preliminary surveys ordinarily
necessary for improvements of this kind. In our public schools
such a map is indispensable in that it places before the children
truthful maps of our commonwealth, instead of those that are
glaringly inaccurate.

In the making of topographic maps the areas selected for
survey are defined by lines of latitude and longitude and are
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called quadrangles. Each quadrangle, and the topographic
map which represents its features, is designated by the name of
the most prominent place or topographic feature included with-
in it. The scale generally used in map construction is about
two miles to the inch, and on this scale the area embraced in
a quadrangle is about eight hundred square miles. In Wash-
ington, the topographic map when completed will comprise, in
round numbers, ninety sheets, complete and fractional, of which
about thirty-eight have already been surveyed.

HYDROMETRIC SURVEYS.

Hydrometric surveys furnish a basis for determining the
water resources of the state. They are essential to indicate the
supply of water suitable for domestic and industrial purposes,
for comprehensive development of power and irrigation pro jects,
for navigation and flood prevention, and for wise and equitable
sanitary regulation. The water supply is of more importance
to the life and pursuits of the people than any other natural
resource, as the health and economic development of every com-
munity are directly dependent upon the character and volume of
the available supply.

Our water resources are unlike the other mineral resources
in that they are continually existent. Our coal beds and mineral
lodes are exhausted when mined and placed upon the market,
but the water supply is constantly renewed. Therefore, failure
to put water into beneficial use is an economic loss, for the
energy and utility does not serve the needs of civilization effec-
tively prior to hydraulic development.

When estimates and designs for hydraulic development are
made, all essential physical details, except the stream flow, can
be determined within a relatively short time. The amount of
water available and its seasonal distribution can be ascertained
only by a study of stream flow records extending over a series
of years. Many irrigation and power projects have failed on
account of being placed in operation without an adequate
knowledge of stream flow. Others designed upon the basis of
short time records have levied an enormous toll upon the public
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through high rates made necessary by unexpected seasonal va-
riation in flow. The run-off for streams in Washington is ex-
tremely irregular, especially in respect to the minimum flow
which is the most important in considering the operation of any
project. For instance, the low water period in August and
September of 1915 was much lower than any other on record,
likewise the lowest period in 1916 occurred in October and
November, when the flow was nearly as low as in August and
September, 1915, but was later in the season than shown by
any previous records. Aside from the design and operation of
irrigation and power projects, stream flow records are vitally
essential in considering means of preventing damage from
floods. Occasionally “Chinook” winds accompanied by heavy
rains melt the snow in the mountains, causing disastrous floods
in the lowlands. The last serious flood of this kind occurred in
1906. Unfortunately few records of stream flow were being
kept then, so that very meager information is available for de-
signing protective works, although more complete records on
streams flooded less seriously in 1909 are very useful.

Hydrometric surveys cover two fields of investigation, the
surface supply and the underground supply. The surface
supply furnishes by far the greatest volume of water and is
readily accessible in the various rivers and creeks. Gaging
stations are maintained along the principal streams of the state
for determining the daily flow throughout a series of years.
Daily records are published and are used extensively in de-
signing hydraulic works of all kinds. Probably the greatest
ultimate benefit derived from the streams in the state will be
brought about by hydro-electric development. Washington
ranks first among the states in the union in respect to estimated
potential water-power.*

* A report of the Commissioner of Corporations for March 14, 1912, pp. 55-586,
summarizes the potential water power in each state. Washington is ecredited
with a “minimum” potential water power of more than a million horsepower
greater than for any other state. The three states having the greatest ‘“mini-
mum’ potential water power are as follows : Washington, 4,932,000 horsepower ;
California, 3,424,000 horsepower ; and Oregon, 3,148,000 horsepower.
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The possibilities for water power development are being in-
vestigated as rapidly as possible. The records of flow indicate
water supply. River profiles or level lines along the principal
power streams indicate the fall, dam sites, reservoir sites, and
other pertinent data. An analysis of the information is being
made in a series of seven reports on the water powers of the
Cascade Range, three of which are published and a fourth in
preparation. These reports summarize the most reliable infor-
mation obtainable and will greatly encourage hydro-electric en-
terprise.

Investigation of underground water supplies is equally as
important as in the case of surface waters. This work includes
a determination of the areas that are underlaid by water-bear-
ing strata, of the depths at which these strata occur, and of the
amount and quality of water that may be obtained. A knowl-
edge of the existence of water-bearing strata is very necessary,
not alone for the purpose of irrigation, but in some parts of
Washington settlement is well-nigh impossible because not even
enough water for domestic purposes has as yet been obtained.

GEOLOGICAL SURVEYS.

Geological surveys have been organized in nearly all the
states of the Union, and in some of the older states they have
been continuously active for over fifty years. In most states
they are regular departments of the state government, and re-
ceive definite financial support in the way given to every other
bureau or department. They are usually in charge of a board
of three or five men, who direct the work of the survey, and
who are responsible for its management.

The general purpose of a geological survey is to disclose and
make known the mineral resources of a state. Under such head-
ing would naturally come the metalliferous deposits, coal fields,
iron ores, building stones, soils, clay beds, road materials, water
power, and kindred subjects. The field work of a survey con-
sists in mapping accurately the locations of all such valuable
products as those just mentioned, and determining the areal ex-
tent and quantity of each. The office work consists of careful
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tests and analyses of all samples collected in the field, and the
preparation of reports which deseribe fully the mineral resources
under investigation. The reports and maps when published are
valuable alike to the citizens of the state and to outside capitalists
and investors. Surveys examine and test those minerals, ores
and rocks that are but little known and determine whether or
not they are of economic value. They also suggest ways of
preventing waste in mining operations, and assist in all ways
to conserve the natural resources. Surveys are potent factors
in making available valuable information regarding the mineral
resources of the state, which knowledge may be utilized by the
poorest citizen as well as the wealthiest corporation.

PRINCIPAL FEATURES OF STATE LAWS PROVIDING FOR
SURVEYS.

The law establishing a state geological survey was passed
by the legislature at the session of 1901. As set forth in the
various sections of the law, the principal objects of the measure
are as follows: An examination of the economic products of
the state, such as gold, silver, copper, lead, and iron ores, as
well as building stones, clays, coal, and all mineral substances
of value; an examination of the soils, road-building material,
water supplies, artesian wells, water power, etc.; an examination
of the physical features of the state with reference to their prac-
tical bearing upon the occupations of the people; the prepara-
tion of special geographic and economic maps to illustrate the
resources of the state; and the publication from time to time of
the results of the work of the survey in reports and bulletins,
and the dissemination of these among the people.

At the session of 1908 the legislature amended the above law,
by providing for cooperative work between the federal and the
state bureaus engaged in geological survey work. The amend-
ment authorized the state board of geological survey to make
provisions for topographic, geologic, and hydrometric surveys
of the state, in cooperation with the United States geological
survey, in such manner as would be of the greatest benefit to
the agricultural, industrial and geological requirements of the
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state. The amendment carried a proviso that the director of
the United States Geological Survey should agree to expend on
the part of the United States upon such surveys a sum equal to
that expended by the state.

At the session of the legislature for 1909 the work of the
state geological survey was provided for by a law having these
provisions:

Seerron 1. In order to complete the topographical map of the State
of Washington, and for the purpose of making more extensive stream
measurements, and otherwise investigating and determining the water
supply of the state, there is hereby appropriated the sum of thirty
thousand dollars ($30,000), for cooperation with those branches of the
United States Geological Survey engaged in this work. This appro-
priation, however, shall be contingent upon, and not become available
unless the United States government apportion an equal amount to be
expended for similar purposes within the state. The board of geological
survey is hereby authorized and directed to enter into such agree-
ments with the director of the United States Geological Survey as will
insure that the said surveys and investigations be carried on in the
most economical manner, and that the maps and data be available for
the use of the public as quickly as possible.

Sge. 2. In order to enable the board of geological survey to carry
on investigations authorized by law, there is hereby appropriated the
sum of twenty thousand dollars ($20,000) for the use of said board in
the geological and other investigations provided for in chapter 165 of
the Session Laws of the State of Washington for 1901, and as amended
in chapter 157 of the Session Laws of 1903.

Sgc. 3. In order to carry out the purposes of this act, all persons
employed hereunder are authorized to enter and cross all lands within
the state: Provided, That in so doing no damage is done to private
property.

Spc. 4. The sum of fifty thousand dollars ($50,000) herein appro-
propriated for the purposes specified in this act shall be available in the
following manner: One-half during the first twelve months after this
act takes effect, and the unexpended balance during the gecond twelve
months after this act takes effect.
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REPORT FOR 1915-17.
ORGANIZATION.

The State Board of Geological Survey consists of the fol-
lowing members: Governor Ernest Lister, President ; Lieutenant
Governor Louis F. Hart; State Treasurer Edward Meath, Sec-
retary ; President Henry Suzzallo, of the State University; and
President Ernest O. Holland, of the State College. The State
Geologist is Professor Henry Landes, who has his office at Uni-
versity Station, Seattle. In cooperation with the United States
Geological Survey the Director of that organization is repre-
sented by Thomas G. Gerdine, Geographer in Charge, North-
western Division; and Glen L. Parker, 406 Federal Building,
Tacoma, District Engineer.

TOPOGRAPHIC SURVEYS.

The accompanying progress map indicates the location of
the quadrangles surveyed during this biennium, as well as from
1909 to 1915. In selecting quadrangles for survey it has been
the policy of the board to choose those areas where the demand
for the maps is very great and where they are most likely to be
used to advantage.

Since the last biennial report was made the following topo-
graphic sheets have been engraved and are now ready for use:
Arlington, Chehalis, Coyote Rapids (formerly called the Haven
sheet), Hoquiam, Ocosta, and Wenatchee. The following to-
pographic sheets are in the engravers’ hands and will soon be
ready for distribution: Malaga, Pasco, and Priest Rapids (for-
merly called the Mitchell sheet).

During the field season of 1915 the topographic mapping
was done on the Prosser and Wallula quadrangles. Upon these
maps the office work has been completed and they are now ready
for the engraver. The field season of 1916 was spent on the
Walla Walla and Connell quadrangles, and these areas were
completed. The four quadrangles just mentioned were chosen
for topographic mapping in order to render assistance to irri-
gation projects which will be necessary in order to utilize large
portions of the arid region. The Connell quadrangle was sur-
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veyed in order to render assistance to the dry farming experi-
ment station of the State College which has recently been es-
tablished at Lind.

Copies of all engraved topographic maps may be purchased
of the United States Geological Survey, Washington, D. C., at
ten cents each, or at six cents each in lots of one hundred or more.

HYDROMETRIC SURVEYS.

The water resources of the state have been investigated
jointly by the federal and state surveys, each party contrib-
uting equal sums. The work is directed from a district office
of the federal Survey, located in the Federal Building at Ta-
coma. In addition the federal Survey maintains gaging sta-
tions on Indian reserves, the cost of which is borne by the
United States Office of Indian Affairs. It also cooperates with
the United States Reclamation Service, and the United States
Forest Service in collecting and publishing stream flow data.
The funds for carrying on stream gaging work are not suf-
ficient to meet the demand for such work, so that power com-
panies, irrigation districts, cities, and individuals have contrib-
uted services of employees, instruments, material, equipment,
and other help. The cost of hydrometric work carried on in the
state during the present biennium is shown in the following table,
the value of all services and other assistance rendered by co-
operating parties being estimated when not known definitely:

ESTIMATED COST OF WATER RESOURCES INVESTIGATIONS IN
THE STATE FOR THE BIENNIUM ENDING MARCH 31, 1917.

Washington Geological SuUrvey. .......cvivevervnrnenrnenaenas $12,000
United States Geological Survey, gaging streams and
DOWAT TODOTEE  o-orvuico b, oiwimios w13 01,60 K00 W0 0% wi0ww 8 $12,000
United States Geological Survey, publishing water
SOPPLY PADBIE ! 5 5 sy ik s s aie i s e e 13,730
United States Geological Survey, ground water in-
vestigations in Quiney Valley.........ocvvuenns 1,650
United States Reclamation Service (approximate).. 7,000
United States Office of Indian Affiairs.............. 6,700
United States Forest Service..............ovivunnn 1,060
District office rent furnished free of charge in the
Federal Building at Tacoma..............oouue 1,440
Potal  Baderal v v dianii v fasma i sedeiaiins. 43,580
Power companies, irrigation districts, cities and individuals 7,600

Grand Total ....cvnmsmsvreveresarveverensevenenenens $63,180
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Cooperation between the British Columbia Hydrometric Sur-
vey and the United States Geological Survey was instituted
during the biennium. It consists of a plan to maintain jointly
gaging stations on all important streams at or near the inter-
national boundary between Washington and British Columbia.

At present two such stations are being maintained ; one on
Clark Fork at Metaline Falls, Washington, and one on Columbia
River at Trail, British Columbia. Tt is hoped that the work
can be extended to cover Kettle, Okanogan, Similkameen, and
Skagit rivers.

The chief objects of hydrometric surveys are to obtain ac-
curate information regarding the amount of water that could
be depended upon for irrigation and for power purposes. All
of the water that can be secured by storage that is tributary to
arid Washington will soon be needed for irrigation. The rapid
industrial development of Western Washington demands the
continued utilization of the available water power. The detailed
investigations have been along two lines, viz.: establishment and
maintenance of gaging stations, and a series of reports sum-
marizing the power possibilities of the Cascade Range.

Gaging Stations.—As shown on the progress map, gaging
stations have been maintained upon all of the principal streams
of the state. Measurements of flow are frequently made, and
daily records indicating height of water on substantially set
gages are kept by local observers or by means of several types
of water stage registers, which record the height of water on
record sheets by clock driven mechanism. The measurements
and gage heights make possible an estimate of the average
amount of water flowing each day during the year. The water
contributed by any stream varies considerably from day to day,
season to season, and year to year, so that records for a series
of years are necessary for properly designing hydraulic works.
The records are particularly important during low water pe-
riods which oceur on some streams in the early fall and on others
in ‘mid-winter. There are 90 gaging stations in operation at
the close of the biennium, 84 of which are equipped with auto-
matic water stage recording instruments.
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The measurements, computed daily discharge, and sum-
mary of results are published annually by the United States
Geological Survey in water supply papers. A sample of the
data published for each station is given below for Skagit River
at Sedro Woolley during the year ending September 30, 1916:

SKAGIT RIVER NEAR SEDRO WOOLLEY, WASH.
Location.—In NW1/, Sec. 36, T. 35 N., R. 4 E., at North-
ern Pacific Railway bridge, three-fourths mile below intake of
Beatty’s slough, 114 miles south of Sedro Woolley in Skagit
County, 21 miles above mouth, and 32 miles below Baker River.
Elevation at low water, about 25 feet.

Drainage Area.—2,930 square miles; measured on General

Land Office map.
Records Awailable—May 1, 1908, to September 30, 1916.

Gage.—Vertical staff on cribbing 100 feet above draw-span
pier of Northern Pacific Railway bridge. Datum, extreme low
water in Puget Sound. Temporary gage used when stage was
below 87 feet; installed September 25, 1915, on downsteam
side of group of piles, 50 feet above third concrete pier (from
left bank) of railway bridge. Gage read by E. J. Woods.

Discharge Measurements.—Made from highway bridge one-
third mile above gage, Beatty’s slough measured from highway
bridge.

Channel and Control.—Gravel ; shifts at high stages. Banks
do not overflow except during extreme floods.

Exztremes of Discharge—Maximum stage recorded during
the year, 46.5 feet at 8 p. m. June 18 (discharge, 63,800 sec-
ond-feet) ; minimum stage recorded, 82.8 feet at 7 a. m. October
10-11 (discharge, 2,740 second-feet).

1908-1916: Maximum stage recorded, 56.1 feet November
30, 1909 (discharge, 96,100 second-feet) ; minimum stage re-
corded, 82.3 feet September 29-80 and October 10-11, 1915
(discharge, 2,740 second-feet).

Ice—Stage-discharge relation seldom affected by ice.
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Diversion.—Beatty’s slough carries from 1.5 per cent. of
total flow at low stages to 8 per cent at high stages. Amount
determined each visit and added to flow measured in river
proper.

Regulation.—None.

Accuracy.—Stage-discharge relation changed during high
water in June. Rating curve used before June 18 well defined
between 3,500 and 18,000 second-feet, fairly well defined above
and below ; curve used after June 18 fairly well defined above
6,000 second-feet and poorly defined below. Gage read to half
tenths daily; in addition crest gage heights observed or esti-
mated. Practically no diurnal fluctuation. Results good ex-
cept for a short interval in January and in February when they
are only fair, due to ice.
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DISCHARGE MEASUREMENTS OF SKAGIT RIVER NEAR SEDRO WOOLLEY,

WASH., DURING THE YEAR ENDING SEPTEMBER 30, 1916.

Dis-

Bec.-Ft.

GAGE HEIGHT (a)

|Temporary| charge
Gage

Feet

01d
Gage
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Made By—

J. T, Hartson.....
J. T, Hartson.....

Date
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13

(a) Observer's readings below 37 feet were taken from temporary gage; above 5T feet

from old gage.

ubmerged.

(b) Temporary gage s

DAILY DISCHARGE, IN SECOND-FEET, OF SKAGIT RIVER NEAR SEDRO
WOOLLEY, WASH., FOR THE YEAR ENDING SEPTEMBER 20, 1916.
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MONTHLY DISCHARGE OF SKAGIT RIVER NEAR SEDRO WOOLLEY, WASH.,
FOR THE YEAR ENDING SEPTEMBER 30, 1916.
(Drainage area, 2,930 square miles.)

DISCHARGE IN BECOND-FEET RUN-OFF
MONTH Depth in
Maxi- Mini- Per |Inches on| Total in
mum mum Mean | Square |Drainage| Acre-Feet
Mile Area

2,740 9,680 3.80 3.80 505, 000

6,080 11,700 8.99 4.456 696,000

7,220 13,700 4.68 5.40 842,000

8,190 5,360 1.83 2.11 330,000

4,660 16,000 5.46 5.80 920,000

8,150 18,200 6.21 7.16 1,120,000

12,500 18,100 5.49 6.12 958,000

15,300 22,700 7.75 8.94 1,400,000

20,000 86,900 12.6 14,06 2,200,000

22,000 32,600 .1 12,80 2,000,000

11,000 17,700 6.04 6.96 1,000,000

6,020 9,120 3.11 3.47 543,000

2,740 17,400 5.94 81.16 12,700,000

Cascade Power Reports—Through cooperative arrange-
ments with the State Board of Geological Survey in 1909, the
federal Survey adopted its first comprehensive plan for giving
the public accurate data concerning water power resources.
More recently similar work has been instituted in Oregon.
Progress has been hampered considerably due to lack of suf-
ficient base data and the need of continuing stream flow ob-
servations over a series of years in order to insure dependable
estimates of water supply. Surveys have been run along the
portions of the larger streams in the Cascade Range. Reser-
voir sites which appear to offer favorable storage opportunities
for increasing the low water flow have been surveyed and a
large mass of information bearing upon the feasibility of hydro-
electric projects has been collected.

The scheme followed in analyzing the power resources of
the Cascades consists of assembling the estimates for a group of
streams within a relatively small section of the range. It is
proposed to publish the estimates in a series of seven reports
published by the United States Geological Survey as water
supply papers. The areas to be covered in the seven units are
shown on the progress map attached.
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The first report is Water Supply Paper 253 and is entitled
“Water Powers of the Cascade Range, Part I, Southern Wash-
ington.” The power possibilities of Klickitat, White Salmon,
Little White Salmon, Lewis and Toutle rivers are summarized.

The second report is Water Supply Paper 313 and is en-
titled “Water Powers of the Cascade Range, Part IL” The
power possibilities of Cowlitz, Nisqually, Puyallup, White,
Cedar and Green rivers are summarized. This report also in-
cludes a discussion of the hydroelectric market conditions in the
Puget Sound region.

The third report is Water Supply Paper 869 and is entitled
«“Water Powers of the Cascade Range, Part III, Yakima Basin.”
The summaries were more difficult to compile than for any of
the series on account of the necessity of taking into consideration
the ultimate use of stored water for irrigation in the Yakima
Valley.

The fourth report has not as yet been published, but will be
entitled “Water Powers of the Cascade Range, Part IV, We-
natchee and Entiat basins.” The relative water power re-
sources in the Wenatchee basin with and without the proposed
Quincy Valley irrigation scheme in operation will be summarized
and the flow available for the Quincy project through utilizing
storage in Wenatchee Lake reservoir will be described.

All of the field data have been collected for the fifth unit
and considerable work has been done toward compiling the data.

Practically all of the surveys have been completed for the
sixth and seventh units, and most of the field reconnaissance
for the sixth unit has been finished. Gaging stations are being
maintained in each to determine the available water supply.

GEOLOGICAL SURVEYS.

Mineral Resources—The State Geological Survey, since
1911, has cooperated with the United States Geological Survey
in the collection of statistics regarding the mineral production
of Washington. It is a matter of great importance to the state
that such statistics be secured covering accurately the entire
mineral output, because of the bearing this must have upon
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the establishment of industrial enterprises. The accompanying
table gives a summary of the principal mineral products of
Washington for the ten-year period from 1906 to 1915, inclu-
sive. While the production is already large, and constantly
growing, it is capable of a very much greater extension when
the economic minerals are investigated and made better known.

The statistics covering the mineral resources of the state
should be published annually. The report for 1912, known as
“Bulletin 11,” gives a description of the principal localities
where different mineral products are obtained, with a list of
producers and a statement covering the output. This bulletin
was accompanied by an outline map of the state wherein, by a
system of symbols and colors, all varieties of mineral products
were shown in the localities where they are obtained.



Board of Geological Survey

20

‘§[870} 9)|UBIS U] POPNU] 9I0JOINIH (D)

‘goponpoad ysmixoIddy Mnu
-foAIng [Bo[F0[09n) '8 ‘1 SANINOSY [eleujy urox} papduoxod

8)

esa'ony'TIS | eeetRLetend | ora'00e°ATS | 00F‘oes‘als | TA6°T89°CTS 006°200'018 | Frzpleierd | TeLfoTETIS | OTO'LeS'TIS | 7600068 | TSISION PUVID
209 TLY L9L"6088 oeT'sco's | PIB'0RI'TS | L10°000°Té | 675'806% 006877 oog peed 668 1288 £89°0283
aL8'8T o'y 606'8 zgLe 98188 08188 FIHEL F18°8 98L'65 18478
299°8LL L8601 £88°LFT WIL6LT oLL 68 880° 1T LoT88 TP 18 85715 098 'CF
60L° 631 897 'OFL 890008 928 18 702! 671 9880TL 768! 1F 007 9% 00F‘ee 8EL°08
617 1683 gL' 1008 915608 ¥08'080% 119" 1783 ap1'ssié T20° 2988 008938 0083988 870" 1338
S1.00a0¥d
OITIVLIAN
759" 41L 018 2O T0a'TTs | T80'L00'0TS | 983°OTEIFIS | FO6'OLLFTE | 100°660°0TS Q0e'ere'FIs | oo To0*TI$ | Lloeor‘Ti$ | eTRfese'ss |TTTTTY B[830L,
P ! T R el LTIt IOt R eisoriiy sl [Py “ma SN09BWIOIVIA
087! 113 829' 128 988088 683'cF8 09L'818 602" 18¥ CBF 5T 169°198 008641 QTL'FFL '+t '[9ABIS pUB puvy
£04'TL LLL'SG ¥E3'ST ohe LT 79'FL 18'at B826'cr 020'8T 02801 (030 S A SINUA [BIUIY
095" 68T 4r6'8LL £91'61% @58 188 £66' 858 gL L0% 829'28% 808878 899°88% Lo T R el oL
............................................................................................................................. 28669 P T
0gg' 1T 28201 £16°29 01503 8L7'E8 98108 69%'88 099°18 L18°29 BWBL'6F Qu03sIWT
01L'58 9EF 00F 897004 LY T8 £78°108 180°88F 0LF ‘288 L8g'vav 80963 002601 duo}spusy
g‘ﬂmv-.ﬂ Nﬂé-gn.—. mg-% nnvv ............................................................................................................. ﬂﬁﬁwﬂm
301003 60'2L L3I 0FL 102608 TQ'oRE'T | G66TFD 8L8‘ZFL 716048 798809 Qiategy. [ asamea MUBIY
66F06L°T SI0°08°'T | 0908'8e8's | GBLIEI0NE | L0S[06%(T FOLTSO'T | SBTILOL 000068 (@) | 008°FIE (@) |*<rwrct JuRIdd PUB[IIOL
T90'00%' 1 T6F'608°T | 9%3°0L8'G | OL8!SEE‘E | S9L 198D jeg'gro‘e | 087'000'8. | 6STTOT'G, | FEGIIGSTT, | ¥8S.eART |TTTIT sjonpoxd AB[D
665 '0L5" 9% Tle'tar‘od | ler'greied | Tie'gro'ss | OLL'FLI'SS | gcor'roL'es | 666°SSL'eS | ZDV 060'98 | Tos'6Lo'zé | Few'soe'gy |ttt oo
S1,00a0¥d
o161 FI6T 161 atins 16T 0161 6061 8061 L06T 9061 OITTVLIN-NON

. *(8) Hbﬂmb.u.bz.u ‘gr61 OL 9061 WOUJ NOLONIHSVM Jd0 NOLLOOAOUI TVHANIN



The Biennial Report 21

Office Work.—The office work of the Geological Survey be-
comes increasingly heavy from year to year. Constant inquiries
come to the office in regard to the mineral resources of every
portion of the state. Prospective settlers and others are very
desirous of accurate information regarding the climatic and soil
conditions of those regions in which they may plan to make
their homes. Manufacturers are desirous before coming to
Washington of knowing the nature of the fuel supply and the
variety of crude materials of a mineral character which may be
obtained for manufacturing purposes. On the whole the work
of the State Geological Survey is carried on at a minimum of
expense because a very large part of the work, especially the
office work, is done by men who do not receive any compensation
for that purpose out of the funds of the Survey.

Within the biennium a report on The Coal Fields of Kittitas
County, known as Bulletin 9, has been printed. This is the
third of the county reports on our coal fields, bulletins on King
and Pierce counties having been issued in previous years. There
has lately been printed, also, a report on The Tertiary Forma-
tions of Western Washington, known as Bulletin 18. This pub-
lication describes the bed rock formations of that part of the
state to the westward of the foothills of the Cascade Mountains.
The report is accompanied by geologic maps which represent
not only the areal extent of the various kinds of rocks, but also
the structure of the formations, the dip and strike of the beds,
and in a general way indicate the best places for prospecting
for gas and oil. The possible occurrence of these economic
products at the different localities of the extensive area are
carefully considered.

FINANCIAL STATEMENT.
TOPOGRAPHIC AND HYDROGRAPHIC SURBVEYS.
TU. 8. Geological Survey:

Allotment for cooperation 1915-17....... ... 0o ivuninnns $35,000 00
Expenditures to December 1, 1916..........c000iueennn. 30,488 06
Balance on December 1, 1916. ........ccvvvuinnnnn.. $4,511 94

State Geological Survey:
Appropriation for 1916-17.....ccivriverersrveccnnnranss $35,000 00
Expenditures to December 1, 1916...........0ocvvuennn 30,111 43

Balance on December 1, 1916........00ciniiiiannns $4,888 b7
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RECOMMENDATIONS.

APPROPRIATIONS REQUESTED.

For topographic and hydrometric surveys (conditioned upon a
similar sum being expended in the state by the United
States Geological SULVEY).....ccvirnrrrererasseanansnnssns $35,000

For Geological SUIVEYS....uuvruriranrnnsrasarassssasrsacsens 20,000

TOPOGRAPHIC SURVEYS.

For some time the greatest demand for topographic surveys
has come from the arid and semi-arid regions of the state where
the land may be put to its greatest use only by irrigation, and
where topographic maps are invaluable for engineering work
of this character. Such maps are also requested in those por-
tions of Washington where the country is being rapidly settled,
and in certain mountainous areas where large water-power
projects are under consideration. Urgent requests are now on
file for topographic surveys of Asotin, Eatonville, Fort Simcoe,
Othello, Olympia, Pomeroy, Port Angeles, Sultan and Yakima
quadrangles.

In the past eight years level lines or profiles have been run
along all the streams of the Cascade Mountains, except the
three forks of the Nooksack River. This has been done as a
necessary part of the problem of determining with accuracy the
total hydro-electric power of the rivers of the Cascades. In the
next biennium the Nooksack River should be surveyed, and river
profiles begun on the streams of the Olympic Mountains. When
the latter are completed it will then be possible to publish de-
tailed reports on the water power resources of the entire state.

HYDROMETRIC SURVEYS.

As indicated on the progress map accompanying this report,
gaging stations are maintained on a large number of the rivers
where information is very necessary as to the total amount of
water available for municipal supplies, irrigation and power.
The number of stations should be increased rather than dimin-
ished. Each added year of gaging at any station makes the
records that much more valuable. The demand for accurate in-
formation regarding our water resources grows stronger with
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each biennium. It is recommended that the usual appropria-
tion for this work be made so that cooperation with the Federal
Government may be continued.

GEOLOGICAL SURVEYS.

The sum of twenty thousand dollars, the same amount as
appropriated by the legislatures of 1909, 1911 and 19183, is re-
quested for geological surveys, in order that certain lines of
work now under way may be completed and some important new
work may be begun.

Uncompleted Reports—In former years a large amount of
field and office work has been done upon certain reports which
have not yet been published, because the money has not been
available. Tt is urgent that funds be provided so that such
bulletins may be printed at once and their contents made avail-
able for use. The field work has been completed, and the manu-
script partly prepared, for a report upon the coal deposits of
Whatcom and Skagit counties. The field work has been about
two-thirds completed for a report upon the coal fields of Thur-
ston, Lewis and Cowlitz counties. When these reports are
through the press the State Geological Survey will have issued
detailed bulletins covering all of the coal resources of the state.

Some time ago a bulletin was published on the surface ge-
ology of the Puget Sound basin. Since that time the field work
has been completed and the manuscript prepared for a similar
report upon the surface geology of that portion of the state
south of the latitude of Tenino, and west of the foothills of the
Cascades. This report can be sent to the printer as soon as an
appropriation is available.

Soil Surveys—In earlier years soil surveys have been made
of nearly all the logged-off lands of Western Washington, be-
sides similar surveys and reports upon the Quincy Valley coun-
try, Stevens and Franklin counties, in Eastern Washington. In
all soil surveys cooperation has been afforded by the United
States Bureau of Soils, the Federal Bureau usually assuming
about three-fourths of the expense of the field work besides all
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the cost of printing. The reports of the soil surveys have been
in large demand from the agriculturists, commercial bodies,
prospective settlers, county assessors, and all others who desire
to know the facts about the soil conditions in various parts of
the state. At the present time requests are on file for soil sur-
veys in various sections of Washington where this work has not
been done.

Road Materials.—In the large road construction program
now being carried out by the state and the various counties, it
is a matter of the greatest concern that the very best quality
of materials be used. In most states it is the business of the
Geological Survey to locate, map, and describe all the materials
suitable for road building. Repeated requests have come from
county commissioners, county engineers, and road contractors
that such a detailed survey be made in Washington.

It is therefore recommended that provision be made for a
complete field investigation of the deposits of sand and gravel
suitable for road surfacing and for concrete construction as
well; and that the field studies should include a search for all
available occurrence of limestone and clay, of value in cement
making, which have not been described in earlier survey reports.
Tt is proposed that extensive lots of samples be collected in the
field, and that these be carefully tested in the most practical
way, so that the relative values of all samples secured can be
accurately determined. It would be the plan to publish full
reports and maps covering all the results of the field investiga-
tions and the practical tests that were made, and place these in
the hands of all engineers and others who are charged with the
responsibility of maintaining the highest possible standards in
road construction.

Surveys of Metal Mining Districts.—In addition to the de-
tailed surveys already made of the best known districts, there
are many requests for reconnaissance surveys of the scattered
mining sections, whereby the varieties of bed-rock, the important
minerals, and the character of the ore deposits may be deter-
mined and described. For the next biennium surveys of the min-
ing districts in Ferry, Stevens and Pend Oreille counties should
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be made. Such surveys are of very great service to the mining
men who are giving their time and money to the development of
one of the state’s resources. It is of great value to the miner, as
well as to the investor, and to the state at large, that the truth
in regard to the quality and quantity of the ore bodies should be
made known.

Report on Mineral Industries—Any information bearing
upon the production of different minerals in different counties
and other portions of the state is always in much demand. It
seems necessary to keep this information in such form that it
may be given out regularly and be revised as often as desirable.
At least once a year reports and maps should be issued which
set forth the localities where different mineral products may be
obtained, along with the names of all producers, and with ac-
curate statistics in regard to the output of each particular
mineral concerned. Such information is very greatly desired
by manufacturers and others who have occasion to use in any
way whatsoever those minerals that are of economic importance.

Topographical Map.—There is constant inquiry for a map
which will show by a system of contours, or by a series of lines,
the elevations of various portions of the state. By utilizing the
base map which has already been prepared, and by compiling
the data regarding elevations throughout the state, it will be
possible to prepare a map which will give the information most
needed. Such a map should be printed in colors, the black re-
ferring to culture, the blue giving the water bodies, and a series
of brown shades or tints which will give the variation in eleva-
tion from sea level to the tops of the highest mountains.

Geological Map.—More requests have come for a geological
map of the state than for any other one thing. With the base
map now available it is desirable that the boundaries of the dif-
ferent geological formations should be entered thereon and a
complete geological map of the state be prepared as early as
possible. This has been very generally done by other states
and Washington will be one of the last to prepare such a map.
The cost of preparation of such a map is not excessive, and its
value to our citizens generally would repay the cost many fold.






PUBLICATIONS

OF THE

WASHINGTON GEOLOGICAL SURVEY

ADDRESS
STATE LIBRARIAN
OLYMPIA, WASHINGTON

Volume 1.—Annual Report for 1901, Part 1, Creation of the State
Geological Survey, and An Outline of the Geology of Washington, by
Henry Landes; part 2, The Metalliferous Resources of Washington, Ex-
cept Iron, by Henry Landes, William 8. Thyng, D. A. Lyon and Milnor
Roberts; part 3, The Non-Metalliferous Resources of Washington, Ex-
cept Coal, by Henry Landes; part 4, The Iron Ores of Washington, by
8. Shedd, and the Coal Deposits of Washington, by Henry Landes; part
5, The Water Resources of Washington, by H. G. Byers, C. A. Ruddy
and R. E. Heine; part 6, Bibliography of the Literature Referring to
the Geology of Washington, by Ralph Arnold. Out of print.

Volume 2—Annual Report for 1902. Part 1, The Building and Or-
namental Stones of Washington, by 8. Shedd; part 2, The Coal De-
posits of Washington, by Henry Landes and C. A. Ruddy. Postage 20
cents.

Bulletin 1.—Geology and Ore Deposits of Republic Mining District,
by Joseph B. Umpleby. Bound in cloth; price 35 cents.

Bulletin 2—The Road Materials of Washington, by Henry Landes.
Bound in cloth; price, 60 cents.

Bulletin 3.—The Coal Fields of King County, by Geo. W. Evans.
Bound in cloth; price, 756 cents.

Bulletin 4—The Cement Materials of Washington, by S. Shedd.
Bound in cloth; price, 756 cents. Paper cover; price, 40 cents.

Bulletin 5.—Geology and Ore Deposits of the Myers Creek and Oro-
ville-Nighthawk Districts, by Joseph B. Umpleby. Bound in cloth;
price, 50 cents,

Bulletin 6.—Geology and Ore Deposits of the Blewett Mining Dis-
trict, by Charles E. Weaver. Bound in cloth; price, 50 cents.

Bulletin 7.—Geology and Ore Deposits of the Index Mining District,
by Charles E. Weaver. Bound in cloth; price, 50 cents.

Bulletin 8.—Glaciation of the Puget Sound Region, by J. Harlen
Bretz. Bound in cloth; price, 60 cents. Paper cover; price, 35 cents.

Bulletin 9.—The Coal Fields of Kittitas County, by E. J. Saunders.
Paper cover; price, 40 cents.

Bulletin 10.—The Coal Fields of Pierce County, by Joseph Daniels.
Bound in cloth; price, 60 cents. Paper cover; price, 40 cents.

Bulletin 11.—The Mineral Resources of Washington, with Statistics
for 1912, by Henry Landes. Paper cover; price, 2b cents.

Bulletin 12.—Bibliography of Washington Geology and Geography,
by Gretchen O’Donnell. Paper cover; price, 26 cents.
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Bulletin 13.—The Tertiary Formations of Western Washington, by
Charles E. Weaver. Paper cover; price, 40 cents.

Bulletin 14—The Quincy Valley Irrigation Project, by Henry
Landes, A. W. Mangum, H. K. Benson, E. J, Saunders, and Joseph
Jacobs. Paper cover; price, 20 cents.

Bulletin 15.—A Preliminary Report on the Tertiary Paleontology
of Western Washington, by Chas. E. Weaver. Paper cover; price,
20 cents.

Bulletin 16.—Geology and Ore Deposits of the Covada Mining Dis-
trict, by Charles E. Weaver. Paper cover; price, 25 cents.

PUBLICATIONS OF THE U. S. GEOLOGICAL SURVEY, IN CO-
OPERATION WITH THE WASHINGTON
GEOLOGICAL SURVEY.

(For copies of these publications address the Director, U. 8. Geo-
logical Survey, Washington, D. C. Water-Supply papers may also be
obtained, upon request, and free of charge, from the U. S. Geological
Survey district office, 406 Federal Building, Tacoma, Washington.)

TOPOGRAPHIC MAPS OF THE FOLLOWING QUADRANGLES.

Arlington, Beverly, Cedar Lake, Chehalis, Coyote Rapids, Hoquiam,
Malaga, Moses Lake, Mount Vernon, Ocosta, Pasco, Priest Rapids,
Prosser, Quincy, Red Rock, Wallula, Wenatchee, Winchester.

Power Reports.

Water-Supply Paper No. 253: Water Powers of the Cascade Range,
Part I, Southern Washington.

Water-Supply Paper No. 313: Water Powers of the Cascade Range,
Part II, Southeastern Washington, Puget Sound Region.

Water-Supply Paper No. 369: Water Powers of the Cascade Range,
Part I1I, Yakima Basin.

Water-Supply Paper No. —: Water Powers of the Cascade Range,
Part 1V, Wenatchee and Entiat basins. In preparation.

River Profiles.

Water-Supply Paper No. 346: Profile Surveys of Clark Fork of
Columbia River.

Water-Supply Paper No. 366: Profile Surveys of Snoqualmie, Sul-
tan and Skykomish rivers.

Water-Supply Paper No. 368: Profile Surveys of Wenatchee River
and tributaries.

Water-Supply Paper No. 376: Profile Surveys, Chelan and Methow
basins.

Water-Supply Paper No. 377: Profile Surveys, Spokane and John
Day basins.

Water-Supply Paper No. 419: Profile Surveys in Skagit River
Basin.
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Annual Stream-Flow Reports.

Water-Supply Paper No. 272: Surface Water Supply of the United
States, North Pacific Coast, 1909.

Water-Supply Paper No. 292: Surface Water Supply of the United
States, North Pacific Coast, 1910.

Water-Supply Paper No. 312: Surface Water Supply of the United
States, North Pacific Coast, 1911

Water-Supply Paper No. 332: Surface Water Supply of the United
States, North Pacific Coast, 1912.

Water-Supply Paper No. 340. Gaging stations and publications on
water resources 1885-1913.

Water-Supply Paper No. 362: Surface Water Supply of the United
States, North Pacific Coast, 1913.

Water-Supply Paper No. 392: Surface Water Supply of the United
States, North Pacific Coast, 1914.

Water-Supply Paper No. 412: Surface Water Supply of the United
States, North Pacific Coast, 1915. In preparation.

Water-Supply Paper No. 442: Surface Water Supply of the United
States, North Pacific Coast, 1916, In preparation.

Qualitative Report.

(Principally in cooperation with State Board of Health.)

Water-Supply Paper No. 339: Quality of Surface Waters of Wash-
ington.

PUBLICATIONS OF THE U. S. DEPARTMENT OF AGRICULTURE,
BUREAU OF SOILS, IN COOPERATION WITH THE
WASHINGTON GEOLOGICAL SURVEY.

(For copies of these publications address one of the members of
congress from Washington.)

Reconnoissance Soil Survey of the Eastern Part of Puget Sound
Basin.

Reconnoissance Soil Survey of the Western and Southern Parts of
the Puget Sound Basin.

Reconnoissance Soil Survey of Southwestern Washington.
Reconnoissance Soil Survey of the Quincy Area.
Reconnoissance Soil Survey of Stevens County.
Reconnoissance Soil Survey of Franklin County. In press.
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THE TOPOGRAPHIC MAPS OF THE UNITED STATES:

The United States Geological Survey is making a topographic
atlas of the United States. This work has been in progress
since 1882, and more than 38 per cent of the avea of the
country, excluding outlying possessions, has now been mapped.
The arens mapped ave widely distributed, every State being
represented, us shown on the progress maps accompanying each
annual report of the Director.

Thig atlas is being published in sheets of convenient size,
about 161 by 20 inches. The four-sided avea of land repre-
sented on an atlis sheet is bounded by parallels and meridians
and is ealled a quadrangle. The guadrangles mapped cover
1° of latitude by 1° of longitude, 30° of latitude by 30" of
longitude, 15" of latitude by 15" of longitnde, or smaller areas,
the size of the area mapped depending on the scale used.
Beveral scales are employed. The smallest scale, that used
for quadrangles covering 1°, is 1:250,000, or ‘very nearly 4
miles to an inch—that is, 4 linear miles on the ground is
represented by 1 linear inch on the map. This scale is used
for maps of' the desert regions and some other parts of the far
West. For the greater part of the country, which is mapped
by quadrangles covering 30°, a larger scale, 1:125,000, or
ahout 2 miles to an incly is employed. A still lavger scale,
1:62,500, or about a mile to an inch, is used for quadrangles
. covering, 15', the unit selected for mapping thickly settled or
industrially important aveas. A fourth scale, 1:31,680, or one-
half wile to an ineh, is employed for maps that are to be used
in connection with irrigation or d:lmnage, and a few maps of
wining alistri.’cﬁ&}‘.ﬁi"&:puﬁﬁéhed- on still larger scales.

A topographic survey of Alaska has been in progress since
1898 and nearly 30 per cent of its entire area has now been
mapped.  One-thivd of the area mapped, or 10 per cent of the
Territory, has heen coyvered only by reconnaissance work, the
results of which have been mapped on a seale of about 10 miles
to an inch. The maps of nearly all the remaining two-thirds
of the surveyed area have been published on a scale of
1:250,000, or about 4 miles o an inch. These maps are large,
each representing 2° of latitude by 4° of longitude. A few
areas that are of eeonomic importance, aggregating about
3,000 square miles, have been surveyed in gredter detail and
mapped on a scale of 1:62,500, or about & mile to an inch.

A survey of the Hawaiian Islands was begun in 1910 and
the resulting maps are being published on a scale of 1:62,500.

The features shown on these atlas sheets or maps may be
clagsed in three groups—(1) mafer, ineluding seas, lakes, rivers,
canals, swamps, and other bodies of, witer; (2) relief, includ-
ing mountains, hills, valleys, and other elevations and depres-
sions; (3) ewlture (works of man), such as towns, cities, roads,
railroads, and boundaries. The conventional signs used for
these features are shown below, with explanations. Variations
appear on some earlier maps.

All water features are printed in' blue, the smaller streams
and canals in full blue lines and the larger streams, lakes,
and the sea in blue water-lining. Intermittent streams—those
whose beds are dry at least three months in the year—are
shown by lines of dots and daslies,

Reliet' is shown by contour lines in drown. A contour on
the ground passes through points that have the same altitude.
One who follows 2 contour will go neither uphill nor downhill
but on a level. The contour lines on the map show not only
the shapes of the hills, mountains, and valleys but also their
elevations. The line of the sea coast itself is a contour line,
the datum or zero of elevution being mean sea level. The
contour at, say, 20 feet above sea level would be the shore line
if the sea were to rise or the land to sink 20 feet. On a gentle
slope this contour is far from the .present coast; on a steep
slope it is near the coast. Where successive contour lines
are far apart on the map they indicate a gentle slope; where
they are close together they indicate a steep slope; and where
they run together in one line they indicate a cliff.

The manner in which contour lines express altitude, form,
and grade is shown in the fignre below.

The sketch represents a river valley between two hills. In
the foreground is the sea, with a hay that is partly inclosed
by a hooked sand bar. On each side of the valley is a terrace
into which small streams haye cut narrow gullies. The hill on
the right has a rounded summit and gently sloping spurs sepa-

rated by ravines. The spurs ave truncated at their lower ends

CONVENTION AL SIGNS

|
CULTLRE
_Aprinted in blaek)

by a sea cliff. The hill on the left terminates abruptly at the
valley in a steep scarp. It slopes gradually back away from
the scarp and forms an inclined table-land, which is traversed
by a few shallow gullies. On the map each of these features
is indicated, directly beneath its position in the sketch, by
contour lines. :

The contour interval, or the vertical distance in feet between
one contour and the next, is stated at the bottom of each map.
This interval differs aceording to the character of the area
mapped; in a flat country it may be as small as 5 feet; in &
mountainous region it may be 250 feet. Certain contour lines,
every fourth or fifth one, are made heavier than the others
and are accompanied by figures stating elevation above sea
level. The heights of many points, such as road corners, sum-
mits, surfaces of lakes, and bench marks, are also given on the
map in figurves, which express the elevations to the nearest
foot only. More exact elevations of bench marks, as well as
geodetic coordinates of triangulation stations, are published in
bulleting issied by the Geological Survey. A bulletin per-
taining to any State may be had on application.

The works of man are shown in &dlack, in which color all
lettering also is printed. Boundaries, such as those of a State,
county, city, land grant, township, or reservation, are shown
by continuous or broken lines of different kinds and weights.
Public and through reads are shown by fine donble lines;
private and poor roads by dashed double lines; trails by dashed
single lines, :

Fach ‘quadrangle mapped for the topographic atlas is desig-
nated by the name of a principal town or of some prominent
natural feature within the quadrangle, and on the marging of
the maps are printed the names of adjoining quadrangles for
which atlas sheets have been published or are in preparation.
The sheets are sold at 10 cents each in lots of less than 50
copies or at 6 cents each in lots of 50 or more copies, whether
of the same or of diffevent sheets.

The topographic map is the bhase on which the geology and
the mineral resources of a quadrangle are represenied, the maps
showing these features being bonund together, with a deseription
of the gquadrangle, to form a folio of the Geologic Atlas of the
United States. Circulars showing by index maps the pub-
lished topographic atlas- sheets and geologic folios covering
any State or region will be sent free on application.

Applications for maps or folios should be accompanied by
cash—the exact amount—or by post-office money ovder (not
postage stamps), and should be addressed to—

THE DIRECTOR,
United Stales Geological Survey,
Washington, D. C.
January, 1915.
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